In this paper, fractional complex transform with new iterative method (NIM) is used to obtain approximate solutions for the nonlinear time fractional Kawahara and modified Kawahara equations based on He's fractional derivative. Fractional complex transform is proposed to convert time fractional Kawahara and modified Kawahara equations to the nonlinear ordinary differential equations and then NIM is applied to the new obtained equations. The obtained approximate solutions are compared with the exact solutions to verify the applicability, efficiency and accuracy of the method.
Introduction
In the past few decades, the topic of fractional calculus has become more popular and applied in various fields of science and engineering, such as fluid mechanics, diffusive transport, electrical networks, electromagnetic theory, different branches of physics, biological sciences and groundwater problems [1, 2, 3, 4] . Fractional calculus allows integration and differentiation of arbitrary order. Many mathematicians and researchers have tried to model several physical or biological processes using fractional differential equations. Solving these equations is turn out to be wide area of research and interest for researchers from various fields. Some of the recent analytical and numerical methods for solving linear and nonlinear fractional differential equations are the Adomian decomposition method ADM [5, 6] , Variational iteration method VIM [7, 8] , Homotopy-perturbation method HPM [9] , Homotopy analysis method [10] , Finite element method [11] and so on. In recent times, an iterative method was proposed by Daftardar-Gejji and Jafari [12, 13] which is known as new iterative method (NIM). This method is very useful and simple in fractional calculus for solving linear and nonlinear fractional partial differential equations. In literature several useful transforms like the laplace transform, the fourier transform, the backlund transformation, the integral transform, and the local fractional integral transforms suggested to solve numerous problems. In recent times, the fractional complex transform has been proposed in [14, 15, 16 ] to convert fractional-order differential equations based on He's fractional derivative [17, 18] into integer order differential equations, and further can be solved by any computational method.
Nonlinear wave phenomena arise in various parts of science and engineering such as dispersion, diffusion, reaction and convection. Starting from the classical technique of the Inverse scattering transform [19] , various powerful mathematical methods such as bilinear transformation [20] , the tanh−sech method [21] , extended tanh method [22] , exp−function method [23] , sine−cosine method [24] have been proposed for obtaining exact and approximate analytic solutions. The Kawahara and modified Kawahara equations have becomes the subject of active and broad research area in recent decades [25, 26, 27] . The kawahara equation was first suggested by Kawahara in 1972 [28] for describing solitary-wave propagation in media. It arises in the theory of magneto−acoustic waves in plasmas and in theory of shallow water waves with surface tension. Likewise the modified Kawahara equation has extensive applications in physics such as plasma waves, capillary-gravity water waves, water waves with surface tension, etc. [29, 30, 31, 32] . In the present paper we have applied fractional complex transform with new iterative method to find approximate solutions of time fractional Kawahara and modified Kawahara equations which are respectively given below as:
with initial condition
where p, q are nonzero real constants and initial condition is.
Eq.(1.1) and (1.3) becomes the original Kawahara and modified Kawahara equations for α = 1 [28] The rest of this paper is organized as follows. In Sections 2, basic definitions are presented. In Sections 3 and 4 we give an analysis of the fractional complex transform and new iterative method. The numerical results and graphs for the time fractional Kawahara and modified Kawahara equations are presented in Section 5. Finally, we give our conclusions in Section 6.
Basic Definitions
In literature there are many definitions on fractional derivatives [1−4] but the most frequently used are as below 2.1. Riemann−Liouville definition:
where
where ∆x does not tend to zero.it can be the thickness (L) of a porous medium 2.6. He's fractional derivative: [15] 
where u 0 (x,t) is the solution of its continuous partner of the problem with the same initial condition of the fractal partner.
Fractional complex transform
Recently, very efficient and useful technique for solving fractional differential equations called fractional complex transform suggested by Li and He [14] has appeared. Fractional complex transform is a simple solution procedure to convert the fractional differential equations into classical differential equations, hence all the analytical methods dedicated to the advanced calculus can be applied straight forward to the fractional calculus. Consider the following general fractional differential equation
where u
Introducing the following fractional complex transforms
where p, q, k and l are unknown constants. Then using chain rule of differentiation and basic properties special function like gamma function fractional derivatives are converted into partial derivatives as:
Therefore, the fractional partial differential equations are easily converted into classical partial differential equations, which can be solved further by new iterative method. Hence it becomes simple to deal with fractional calculus.
The New Iterative Method
Daftardar-Gejji and Jafari [12] have introduced a new iterative method (NIM) which is very powerful technique to solve linear and nonlinear functional equations. In this method, consider a functional equation of the form
Where f is a given function, L and N are given linear and non-linear operator. Let u be a solution of Eq.(4.12) having the series form:
The nonlinear operator here is decomposed as :
Further define the recurrence relation :
Convergence of NIM
Here we present the condition of convergence of the series ∑ u i which is given in detail in [35] . International Scientific Publications and Consulting Services
Numerical Application
In this section, we test two initial value problems associated with the time fractional Kawahara and modified Kawahara equations, in order to demonstrate the efficiency of the combination of FCT and NIM. Computations are done with the help of Mathematica software.
Approximate solution for time fractional Kawahara equation
Consider the time fractional Kawahara equation (1.1) with initial condition (1.2). The exact solution of Eq. (1.1) is given in [29] as
First, we convert fractional Kawahara into ordinary Kawahara equation by using fractional complex transform as described in section 3 Let
with the initial condition (1.2) rewritten as
( e x √ 13 + 1
Applying Integral operator I T on both side of Eq.(5.20) and using initial condition we obtain the relation
Taking series solution as u(x, T ) = ∑ ∞ i=0 u i (x, T ) and using (4.14) and (4.17)
Applying NIM successively we get
) T Continuing in the same way, remaining terms of the iteration formula (4.17) can be calculated.
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The three term approximate solution is given by 
Approximate solution for modified time fractional Kawahara equation
Next we consider the modified time fractional Kawahara equation (1.3) with initial condition (1.4). The exact solution for the classical modified Kawahara equation is given by [29] u(x,t) = 3p
As described in Section 3, we make the transformation 
with the initial condition (1.4) rewritten as
Applying Integral operator I T on both side of (5.23) and using initial condition we obtain the relation
Applying NIM successively we get rest of the terms of series solution. The three term approximate solution of Eq. (5.23) is given as 
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Conclusions
In this study, we have obtained the approximate solutions of time fractional Kawahara and modified Kawahara equations based on He's fractional derivation by using fractional complex transform with new iterative method. It is seen that the solutions obtained converges very rapidly to the exact solutions in only second order approximations i.e. approximate solutions are very near to the exact solutions. We can conclude from the numerical results that the present technique is straightforward, efficient and provides very high accuracy. This combination of FCT with NIM is very simple, reliable and powerful technique for finding approximate solutions of many fractional physical models arising in science and engineering.
